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(54) HIGH STRENGTH POLYETHYLENE FIBER AND ITS USE 



(57) High strength polyethylene fibers and their ap- 
plications, for example, chopped fibers, ropes, nets, bal- 
listic materials or items, protective gloves, fiber rein- 
forcer* concrete products, helmets, and other products 
obtained therefrom, in which the fiber Is characterized 
In that: it contains a high molecular weight polyethylene 
consisting essentially of a repeating unit of ethylene; it 
has an Intrinsic viscosity number of 5 or larger and an 
average strength of 22 cN/dtex or higher; and the meas- 



urement of the fiber by differential scanning calorimetry 
(DSC) exhibits a temperature-increasing DCS curve 
having at least one endothermic peak over a tempera- 
ture region of 140*C to 148*C (on the low tenripersti::'e 
side) and at least one endothermic peak over a temper- 
ature region of 1 48**C or higher (on the high temperature 
side) or the number of frictions until the fiber is broken 
in an abrasion test according to method B for measuring 
abrasion resistance in the Testing Methods for Spun 
Yarn (JIS L 1 095) is 100,000 or larger. 
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as Ih. Choppy J, r^'„ LSCmS^ !Z ""^ """^ """P". 

Background Art 

SmS^IS^^^^ example. In .P-B 

the base material. These high strength pChytelr^ha^e ^^^^^^ '''S' "'""'"''^ ^^'^^^^ polyethylene as 
for example, as the ropes or nets for Indus^rSC nriva^^^^^ f " ^''^'^ "'^^ industry, 

or items, or protective gloves; or as tZe^rsT^r^^^^^^^^ TTT"' '"'^''"^ ^"^'^ '^"'^''^ "^^teriate 
[0003] In recentyea', these high trength poTyLthv ene S °' ""^'"'^^'"9 ^"'^ ^-^^"^^^^^^ 

• ance, particularly durability, for example rec.°a^^^^^ 
^0 tions in use. Even textiles such as spSrtsreTr^ ^ thina nS h ' T^'"" "'^^'^'''''^ ""^^^ <=°"di. 
for a long period, in addition. reiSgTe^; r tl^^^^^^^ 'T'' '° '''' '"^""^ 

have durability, particulariy f.exura. fatigue resis^anc?" abra io^^^^^^^^^^^^^^^ '^''^ 
other parts they cause no occurrence of fiber breaking at the comers " " "'"""^ P'""^^ °'' 

- ro:\h:i:rs;;rr^^^^^^^^ 

have poor durability, particularly poor fle^a^fa^^^^^^^^^ 

pared with polyesters or nylons for ordlnan^ gamiente sTch dr^whfr^^ t ^''ample, as corn- 

cation of high strength polyethylene fibe Jn vTous fieS^^^^^^^^ ""'"'"^ ^''^^^'^ to the wide appli- 

so TeL^a^Sntr^^^^^ 

excellent resistance to chemicals, ligh^and ^iTono '^^^^^^^ "iS""^'^ ^^P«'«*°'«' "^^^^e of their 
for concrete or cement, because there has LeTa dema„d'?o'r T T ^"^^^y^^'^' «bers to reinforcing fibers 
resistance and high toughness ^^B\lT^^^lf^^ '^'"'"^^^"^ ^^'^^'^'^ Products having high crack 

dents were caused by wall materiL c!,^nrrff ^ / 7 , ""^ '""Q-^^"^ durability since acd- 

« [0006] However whercro^S/r^rr! '^'""^ ''""^ ''^^ """^^^^ °' ^«"~«d tunnels or bridges 
fibe,..\ibrillation:nheTerr^^ 

together by pressure to fomi a bundleTfibeJ 1^^^^^^^^^^ J^^*''^'* '"''^ "t,ers get stuck 

fibers for concrete or cement, their dispe^S^S nSm^mSLoZ ' ^ 
ofrhofibers.Fcrthisraason,v..lou..trLrrr,.nf^r«l7^^^^^^^ 
« providing treatment using metal oxides, or binding wi^lir^ns ' ' "^^^nbcing witt, cerjcs.:.|,ydrc-,i!!c:t,.- < 
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Ed. wSrriX'hltrite^ r;;Xr^ r "'^'^ ^^^-^ more 
ployed. Further. polyet^yleneTbeJhave no sTZ^.n^ ^t^enflth and Young's modulus and cannot, therefore, be em- 

polyethylene fibers. andfurtherhaveeSenS^r^^^^^^ 

cause fibrillation, and still fu^r hrCiJtSt2ss^^^^^^ excellent abrasion resistance. andha^V 

^c^^higriutr;^^^^^^^^ 

viscosrty number of 5 or laraer and J ^ ""'^ °f ethylene; It has an intrinsic 

peek over , »„,peL„ J o7 tS-c * «4To„ ,^,17°'''"? »• '^^^ one endotho^li 
..e,e,e.pe,,,.,,e.,o„o^4S.C„?.^lTn'^^^^^^^^^^^ 

[00,01 T., p,..e„, ,™e„.,.„ w„e, ,e,.,e. ,o h^h ohareCe^o. „^,e.,.. 
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prises a high molecular weight polyethylene consisting essentially of a repeating unit of ethylene; it has an intrinsic 
viscosity number of 5 or larger and an average strength of 22 cN/dtex or higher; and the number of frictions until the 
fiber is broken in an abrasion test according to method B for measuring abrasion resistance in the Testing Methods for 
Spun Yam (JIS L 1095) is 100,000 or larger. 

[001 1 ] The present invention still further relates to chopped fibers, ropes, nets, ballistic materials or items, protective 
gloves, fiber reinforced concrete products, helmets, and other products obtained from the above high strength poly- 
ethylene fibers. 

Brief Description of the Drawings 



[0012] Figure 1 shows a temperature-increasing DSC curve obtained by differential scanning calorimetry (DSC) of 
the high strength polyethylene fiber of Example 1 . 

[0013] Figure 2 shows a temperature-increasing DSC curve obtained by differential scanning calorimetry (DSC) of 
the high strength polyethylene fiber of Example 2. 
IS [0014] Figure 3 shows a temperature-increasing DSC curve obtained by differential scanning calorimetry (DSC) of 
the high strength polyethylene fiber of Example 3. 

[0015] Figure 4 shows a temperature-increasing DSC curve obtained by differential scanning calorimetry (DSC) of 
the high strength polyethylene fiber of Comparative Example 1 . 

[0016] Figure 5 shows a temperature-increasing DSC curve obtained by differential scanning calorimetry (DSC) of 
20 the high strength polyethylene fibei of Comparative Exampie 2/ 

Detailed Description of the Invention 

[0017] The high strength polyethylene fibers of the present invention are composed of a high molecular weight pol- 

25 yethylene consisting essentially of a repeating unit of ethylene. As used herein, the expression "high molecular weight 
polyethylene consisting essentially of a repeating unit of ethylene" refers to a polyethylene, which may be regarded 
essentially as an ethylene homopolymer containing a repeating unit of ethylene at a ratio of 99.5 mol% or higher, 
preferably 99.8 mol7o or higher, and which has an intrinsic viscosity number of 5 or larger, preferably 8 or larger, and 
more preferably 1 0 or larger. For the purpose of increasing the rate of polymerization, or the purpose of improving the 

30 creep and other characteristics of finally obtained fibers, the introduction of branches into the polyethylene by the 
addition of copolymerizable monomers such as a-olefins in very small amounts is recommended; however, higher 
amounts of copolymerizable monomers are not preferred for improving the durability of fibers because it is, for example, 
presumed that copolymerization with a-olefins prevents mutual sliding between the molecular chains in the crystals, 
which mal<es it impossible to achieve the relaxation of stress for continuously repeated defonnation. If the base polymer 

35 has an intrinsic viscosity number of smaller than 5, it is difficult to exhibit the mechanical characteristics of fibers, 
particularly tensile strength. On the other hand, there Is no upper limit to the intrinsic viscosity number; however, taking 
into consideration the stability and productivity In the yarn making process, the durability of fibers, and other factors, 
it is preferred that the intrinsic viscosity number is 30 or smaller. Intrinsic viscosity numbers larger than 30 may caused 
for example, the lowering of durability in some cases depending upori diayying ccnditionG for spun yarns. ^ . 

40 [0018] Thus the high strength polyethylene fibers of the present invention composed of a high molecular weighty 
polyethylene consisting essentially of a repeating unit of ethylene come to have an intrinsic viscosity number of 5 or 
larger. As used herein, the intrinsic viscosity number of fibers refers to a corresponding value obtained by viscosity 
measurement in decalin at 135**C and extrapolation of ti^j/c (where Ti^p is specific viscosity and c Is concentration) 
toward zero concentration. In actual cases, viscosity measurement Is carried out for some concentrations, and a straight 

45 line is drawn on the plot of specific viscosity against concentration c by the method of least squares and extrapolated 
toward zero concentration to determine an intrinsic viscosity number 

[0019] Further, the high molecular weight polyethylene as the base polymer is not particulariy limited, so long as 
finally obtained fibers meet the above intrinsic viscosity number. For improving the durability of fibers to its limit, the 
use of a base polymer having more narrow molecular weight distribution is prefen-ed. The use of a base polymer having 
50 a molecular weight distribution index (Mw/Mn) of 5 or lower, which polymer is obtained using polymerization catalysts 
such as metallocene catalysts, is more preferred. 

[0020] The high strength polyethylene fibers of the present invention have an average strength of 22 cN/dtex or 
higher. As used herein, the average strength refers to an average value of strength (cN/dtex) obtained by drawing of 
a strain-stress curve using a tensile tester under the conditions: length of specimen, 200 mm (gap distance between 
55 chucks); elongation rate, 1 00%/-min.; atmospheric temperature, 20*C; and relative humidity, 66%; and calculation from 
the stress at the breaking point on the curve obtained (number of measurements, 10). 

[0021 ] For the high strength polyethylene fibers of the present Invention, their measurement by differential scanning 
calorimetry (DSC) exhibits a temperature-increasing DCS curve having at least one endothemnic peak over a temper- 
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increased DSC curve obtained is corrected for tSL ht J r f » temperatures can be read, and the 

heights. AS used hereinTbas I ne Sl^ o^^ 1^ °' '''' '''' 

base i.ne and the peak crest. In the Testing Methods for Transition M atures o PlJstS hTH 
[0022] Bythewav JP A63 P^^^^^"^^'^® DSC curve shown m Rgure 4 has one peak and one shoulder 

peaks may often be observed even when fibers which hZ nT^T ' . ! endothermic 

measurementbecausealthoughltirbrsaidtha^^^^^ ^ ' ^ '""""^^ '"^ 
wtth fibers wound around rsma pTece o'^^^^^^^^ 

and the cover of the pan or t^re oSurs unren^^^^^^^^^^ |berB m the pan are, in fact, partly fixed between the bottom 

the measurement, a UrenTho^uTd^e^u^r^^^^^^^^ ^° ^""-ce in 
the measurement disclosed in the above pubLtioTiM^namral Sf ouTZ ^ ^'"''"^ " 

region of endothemife peaks disclosed in^he above pu^catS^l diiel r^m'^To T "' '^''"^'"^ 

presumed from the following reason that the stretched r nrrf^2.ro«!^r T P'^^^"* " 

ort«i„ (EC) <^„pyT„X i »aT^2.^^d',?r ™'" P»l> the 
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fiber structure becomes highly restricted, for example, an aggregate of completely-extended chains, lowering the du- 
rability of fibers. The present inventors have been found that the durability of fibers, particularly flexural fatigue resist- 
ance in this case, becomes optimum when the main peak appears over a temperature region of 140*C to 148*C. 
[0026] For the high strength polyethylene fibers of the present invention, the temperature-increasing DSC curve 
5 thereof further has at least one endothemiic peak over a temperature region of 1 48^*0 or higher (on the high temperature 
side). It is presumed that this endothermic peak on the high temperature side corresponds to the HMC structure having 
great influence on durability, particularly abrasion resistance, of which formation mechanism will be described below; 
and fibers exhibiting no endothermic peak on the high temperature side have extremely deteriorated abrasion resist- 
ance. 

10 [0027] As described above, it is presumed that the maximum endothemnic peak on the high temperature side among 
two or more endothermic peaks found in the temperature-increasing DSC curves of the high strength polyethylene 
fibers of the present invention is derived from the HMC stmcture. Adjusting the height of this maximum endothemiic 
peak on the high temperature side makes it possible to obtain high strength polyethylene fibers having optimum du- 
rability. 

IS [0028] In general, the fatigue of molecular-oriented fibers, of which typical examples are high strength polyethylene 
fibers, from flexure or abrasion is mainly caused by the fibrillation of the fibers from the surface layer It is presumed 
that the high strength polyethylene fibers of the present invention have the surface layer of HMC with more entangled 
molecular chains, which results In a structure hardly causing fibrillation; therefore, the closer surface stmcture renders 
the fibers excellent flexural fatigue resistance and abrasion resistance, preventing the fibers from getting stuck together 

20 by prsjssuit; when ihuy aie cut. ' . . • • 

[0029] It is, however, important that the high strength polyethylene fibers of the present invention should have a 
particular ratio of HMC occupying the whole crystal stmcture. As described above, it is presumed that the maximum 
endothermic peak on the high temperature side is derived from the fusion of EC and the maximum endothemriic peak 
on the low temperature side is derived from the fusion of HMC. The height ratio of these maximum endothemnic peaks 

25 over the respective temperature regions is usually in the range of 1 .4 : 1 .0 to 3.0 : 1 .0, preferably 1 .5 : 1 .0 to 2.9 : 1 .0, 
and more preferably 1 .6 : 1 .0 to 2.8 : 1 .0. If the ratio is lower than 1 .4 : 1 .0, /.e.. If the maximum endothermic peak on 
the high temperature side is relatively higher, this means that the ratio of HMC fomiing the surface layer of fibers is 
higher, which lowers the durability of fibers. This is probably because an excessive increase in the surface hardness 
promotes deterioration such as buckling fatigue. In contrast, if the ratio is higher than 3.0 : 1.0, /.a, if the maximum 

30 endothermic peak on the high temperature side is relatively lower, the ratio of HMC is lower, which makes no trouble 
for strength or Young's modulus but also makes no improvement in durability, so that fibers cannot be prevented from, 
getting stuck together by pressure when they are cut, making is impossible to obtain chopped fibers having good 
dispersibliity. 

[0030] Further, the surface HMC structure according to the present invention is very effective for the improvement . 
35 of impact resistance. To obtain high Impact resistance, fibers are required to have high strength and high degree of 
elongation in the deformation at high strain rate, what is called, toughness. The surface HMC structure according to 
the present invention has a function to improve both of these characteristics. From the viewpoint of viscoelastic prop- 
erties, polymer materials may be considered a combination of elastic components and viscous components as ex- 
plained by, what is called, the Takayanagi model. In a»so, cf .dsfprmation at high strain rate, viscosity characteristics' 
. 40 have a^great.contiibution, and the suifaco HMC structure according to the present invention* exhioiis response on h^fec 
strain def onnation in the viscosity characteristics, making it possible to improve impact resistance. Therefore, the hig^~ 
strength polyethylene fibers of the present invention having such improved Impact resistance are suitable for ballistic 
materials or items, or as the reinforcing fibers of helmets. 

[0031] Thus the high strength polyethylene fibers of the present invention have remarkably improved durability, par- 
45 tteularly abrasion resistance, as compared with the conventional high strength polyethylene fibers. More specifically, 
the number of frictions until the fiber is broken in an abrasion test according to method B for measuring abrasion 
resistance In the Testing Methods for Spun Yarn (JIS L 1095) is 100,000 or larger. 

[0032] The high strength polyethylene fibers of the present invention should be produced with deliberation by a novel 
method of production, for example, the method described below, which is recommended, but it is, of course, not limited 
50 thereto. 

[0033] First of all, a high molecular weight polyethylene as described above is uniformly dissolved in a solvent to 
give a spinning solution. The spinning solution has a concentration of usually 50% or lower, preferably 30% or lower 
The solvent may include volatile solvents such as decalin or tetralin and non-volatile solvents such as paraffin oil or 
paraffin wax. The use of volatile solvents is prefered. This is because for solvents which are in solid state or nonvolatile 
55 at ordinary temperature, the rate of solvent extraction from filaments is slow and it is, therefore, difficult to achieve 
sufficient fomnation of HMC, whereas volatile solvents in the fiber suriace are positively evaporated in the spinning to 
give a higher concentration in the fiber surface, making it possible to fomri a specific crystal structure (HMC) In which 
molecular chains are more highly oriented and connected with each other. In case of conventional spinning techniques, 
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preferred from an ecor^omical point of view, but itVnot ,!mS^^^^ °' ^ ^ 

osst,e -fo ta"'r T ^'^'""'"^ '^^'^ "^^^^ ''^ ^'^'-^^^ ^ the Tatrd^awrg'Ss' n^.^np 

i?rin, h ^ ^^"^^ polyethylene fibers of the present invention have excellent flexural fatigue resistance and 
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the reinforcing fibers for concrete or cement; and as the staples to produce feather blankets or spun yams, because 
of their excellent resistance to chemicals, light and weather 

[0041] The ropes of the present invention can be produced using the above novel high strength polyethylene fibers 
as the base yarns, which fibers may be mixed with other fibers known in the art. Depending upon the design or function, 

5 for example, the ropes of the present invention may be covered on their surface with different materials such as low 
molecular weight poiyoiefins or urethane resins. The ropes of the present invention may be in any fornn, including twist 
structures, such as three-ply ropes and six-ply ropes; braid structures, such as eight-ply ropes, twelve-ply ropes, and 
double-braided ropes; and double-braid structures in which the core part of the ropes is helically covered on their 
periphery with yarns or strands; In any way, they may be designed for ropes of the Ideal type adapted to their applications 

10 and perfomnance. 

[0042] The ropes of the present invention exhibit less deterioration in their performance by moisture absorption, 
water absorption, or other factors, and even if they are of small diameters, they have high strength, causes no kink 
and further have good storage characteristics. For this reason, the ropes of the present Invention are the most suitable 
as various ropes for industrial or private use, such as fishery ropes, taig ropes, mooring ropes, hawsers, yacht ropes, 
15 climbing ropes, farming ropes, various kinds of ropes for civil engineering, architecture, wiring, and construction works, 
particularly for waterside applications related to shipping and fishery. 

[0043] The nets of the present invention can be produced using the above novel high strength polyethylene fibers 
as the base yams, which fibers may be mixed with other fibers known in the art. Depending upon the design orfunction, 
for example, the nets of the present invention may be covered on their periphery with different materials such as low 
^0 • molucuiar wtjlyfii polyolditis or urethane resins. The nets of the present invention may be In any fonn, including knoited, 
knotless, Russell, and other structures; in any way, they may be designed for nets of the ideal type adapted to their 
applications and performance.- 

[0044] The nets of the present invention have strong mesh, excellent flexural fatigue resistance, and excellent abra- 
sion resistance. For this reason, the nets of the present invention are useful as various nets for industrial or private 

25 use, such as various fishery nets including trawl nets, stationary nets, round haul nets, gauze nets, and gill nets; various 
fanning nets for protection against beasts and birds; various sports nets including golf nets and protection nets against 
balls; safety nets; and various nets for civil engineering, wiring, and construction works. : 
[0045] The ballistic materials or items of the present invention can be produced using the above novel high strength 
polyethylene fibers as the base yarns, which fibers may be mixed with other fibers known in the art. The ballistic 

30 materials or items of the present invention may be produced by, for example, weaving the base yarns into cloths, or^ 
paralleling the base yams along one direction and then impregnating the paralleled yarns with resins, followed by. 
layering to form sheets so that the paralleling direction for one sheet is perpendicular to that for the next sheet; and . . 

laminating such two or more cloths or sheets. 

[0046] The protective gloves of the present Invention can be produced using the above novel high strength polyeth- 

35 yiene fibers as the base yams, which fibers may be mixed with the other fibers known in the art. The protective gloves 
of the present Invention may be provided with functionality, including sweat absorption by mixing the base fibers with 
moisture-absorptive fibers such as cotton fibers, or improvement In the feeling of a fit when wore by mixing the base 
fibers with urethane-type stretch fibers. For design, the gloves of the present Invention may be colored by mixing the 
base yarns with.colcred yarns, making it difficult to attract attention. to their dirty^paits or.making It possible to improvg'",, 

40 their fashionablilty. The method of mixing the high strength polyethylene fiber tiiaments wiih other fibers may.inclu^:: - 
interlacing treatment using air entanglement, or Taslan treatment, and may further include mixing with other fibers afflr 
openingthefilamentsby the application of voltage, or simple twisting, braiding or covering with the other fibers. When 
they are used as staples, the filaments are mixed with other fibers during the production of spun yarns, or after the 
production using the above method of mixing. 

45 [0047] The protective gloves of the present Invention have excellent cut resistance against sharp objects such as 
blades, as compared with protective gloves made of the conventional high strength polyethylene fibers. This is probably 
because the high strength polyethylene fibers of the present invention used have high surface hardness because of 
their HI\4C stmcture on the fiber surface. Therefore, the protective gloves of the present Invention are useful as the 
gloves for working scenes requiring high cut resistance. 

50 [0048] The fiber reinforced concrete products of the present Invention can be produced using the above novel high 
strength polyethylene fibers as the reinforcing fibers. The reinforcing fibers have excellent cut resistance, probably 
because of their close surface, and when dispersed in a cement matrix, they hardly cause the flexure of fibers and 
exhibit good dispersion properties In the cement matrix. The reinforcing fibers have further Improved resistance to 
chemicals, light and weather, because of their close surface, as compared with the conventional high strength poiy- 

55 ethylene fibers, and they are the most suitable as the reinforcing fibers, particularly for concrete or cement, which is 
required to have chemical resistance against the alkaline properties of cement. Therefore, the fiber reinforced concrete 
products of the present invention exhibit good workability in their production, and have improved perfomnance such as 
compressive strength, flexural strength and toughness, and further have excellent impact resistance and excellent 
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durability. 
Examples 

mZ ^^^^ ^^^^ - 

[0050] First the high strength polyethylene fibers of the present Inverrtion are exemplified by Examples 1 to 3 and 
m32l' tnT": ' P^'y^^y'^"^"''^^^ P^^P^-d by these Examples and'compa^atrE^Tmpirwrre 

measured for their physical properties by the following measuring and testing methods, and evaluated foT^heirTe' 

Intrinsic Viscosity Number of Fibers 

[0051] Using a capillary viscosity tube of the Ubbeloahde type, dilute solutions of different concentrations weremeas- 
ured for v.scos.ty ,n decahn at 135-C, and intrinsic viscosity number was detem,ined by drawing a slightTne ^n the 
plot of their specific viscosity against concentrations by the method of least squares and extrapolarn of thrstraiaht 
Nne toward zero concentration. In the measurement of viscosity, a specimen was cut to about 5 mmTn lell and an 
antioxidant underthetrade name "YoshinoxBHT'availabiefromYoshitomiPhamiaceutlcallndustrs^^^^^^^^ 
'""'""^^^^^^^^ 

Strength and Young's Modulus of Fibers 

of specimen 200 mm (gap distance between chucks); elongation rate, 100%/min, atmospheric temperature 
Tt^JinT hT '': (cN/dtex) was calculated from the stress at the bLCpoint ^h; curve 

Obtained, and Young's modulus (cN/dtex) was calculated from the tangent line providing the maxilm gradient on the 

Differential Scanning Calorimetrv (DSC) of Fibers 

[0053] Using "DSC7" available from Perkin-Elmer Corp. (the maximum sensitivity, 8 nW/cm) DSC was carried out 

Jumlnum nl'^r'"'" ' " ^"^"^ ' °f ^P«--- cha ged and seaie'fn an 

aluminum pan. The same, but vacant, aluminum pan was used as a reference. A temperature-increasina DSC cur^e 
was drawn by heating the specimen from room temperature up to 200-C at a heatin'g rate o 1 (^^cZ undeJ an 
rr/r:^ " ■ ■^':^*«-P-«t"-'"---"g DSC curve obtained was correSed for the basTln; flweS 

2 t ^ °' ""^'^ ^^"'P^^^t"^^^. peak heights over a temperature region of 1 40-C to 48-C 
■'^ tin ' ' '^'^P^^^'^^^ ^^^^^ - '4^"- - '••loiter (.^ the hlnhT^mperptnr^ . 

c«.<,u,ating ine .leigr.r ratio oi the maximum endothemiic peak on the low temperature side" and the maximum'er.do - 

r 7 "IT 'T''"'"'' ' P^^l^ to read because onhrshouWe it 

H H 1 ' ^'•'"'^ ' "^'^ ^^S^^''^^ endothermic peaks on the low SiX 

ature side and on the high temperature side, respectively, to calculate the ratio of peak heights. 

Abrasion Test of Fibers 

Sr ^ k''^""^" ""^^ P'^P^'^" "^"^Ply'^g or adjustment to have a linear density of about 1500 dtex and eval- 

^e^nn If^T T'"T '''' '"^''''"^ *° ""'"''^ ^ '"^^^"ring abrasion resrsSice in thl 

Testing iWethods for Spun Yams (JIS L 1 095). Using a 0.9 mm^. tip of hart steel as a friction contact each tLrwal 

broken'Th? T' ° ' ^^^^""'"^^ t'^« ""'""er of frictions until a spec men ^^s 

idrff^to"re't;;::g;^ 

Example 1 

2?findt T'''^- °l """^^'^'^ "^^'S^* polyethylene having an intrinsic viscosity number of 

21 .0 and a molecular weight distribution index (Mw/I^n) of 3.7 and 90 wt% decalin was fed to a screw-type k^eader 
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at 230**C, and their dissolution was achieved to give a spinning solution, followed by spinning at a rate of discharge 
through each nozzle of 1 .4 g/min. using a spinneret (the diameter of each nozzle, 0.7 mm; the number of nozzles, 400) 
at 170**C. The discharged filaments were blown with a nitrogen gas at 100**C as unifonnly as possible at an average 
flow rate of 1 .2 m/sec. through a slit-shaped orifice for gas feed, which orifice was disposed just below the spinneret, 

5 so that the decalin in the fiber surface was positively evaporated. Immediately after that, the filaments were substantially 
cooled with an air flow at 30*C, and wound at a rate of 75 m/min. by Nelson-type rollers disposed downstream the 
spinneret. At that time, the solvent contained In the filaments had already reduced its weight by half from the original 
weight. Subsequently, the filaments obtained were drawn at a ratio of 4 in a heating oven at 100*^0 and further drawn 
at a ratio of 4 in a heating oven at 149*C, thereby obtaining a polyethylene fiber. The physical properties and perfomn- 

10 ance evaluation of the fiber are shown in Table 1 . The temperature-increasing DSC curve before base line correction, 
which was obtained by differential scanning calorlmetry (DSC), is shown In Figure 1. 

Example 2 

15 [0056] A polyethylene fiber was prepared In the same manner as described in Example 1 , except that the discharged 
filaments were blown with a nitrogen gas at 120*C at an average flow rate of 1 .4 m/sec. The physical properties and 
perfomiance evaluation of the fiber are shown in Table 1 . The temperature-increasing DSC curve before base line 
correction, which was obtained by differential scanning calorlmetry (DSC), is shown in Figure 2. 

20 Example 3 . , . 

[0057] A polyethylene fiber was prepared In the same manner as described In Example 1 , exceptthata high molecular 
weight polyethylene having an intrinsic viscosity number of 12.1 and a molecular weight distribution Index (Mw/Mn) of 
5.4 was used; the concentration of a spinning solution was set at 30 wt%; and drawing was carried out at a ratio of 3 
25 for the first stage and 2.2 for the second stage. The physical properties and performance evaluation of the fiber are 
shown in Table 1 . The temperature-Increasing DSC curve before base line correction, which was obtained by differential 
scanning calorlmetry (DSC), Is shown in Figure 3. 

Comparative Example 1 

30 

[0058] A polyethylene fiber was prepared in the same manner as described in Example 1 , except that the discharged 
filaments were not blown just below the spinneret with a high temperature nitrogen gas, but were immediately cooled 
with a nitrogen gas at 30*C; and drawing was carried out at a ratio of 4.0 for the first stage and 3.5 for the second 
stage. The physical properties and performance evaluation of the fiber are shown in Table 1 . The temperature-Increas- 
es ing DSC curve before base line correction, which was obtained by differential scanning calorimetry (DSC), is shown 
In Figure 4. . 

Comparative Example 2 

40 [C05S];- Spinning was carried out in the same manner as described in Example 1 , except X^,z\ paraffin oil was iise^ 
as a solvent; and drawing was earned out at a ratio of 4, while the solvent was substantially extracted in a cooling bath" 
containing n-decane.at about SO^'C, which bath was disposed just below the spinneret. No positive cooling with an 
inert gas was carried out. The semi-stretched filaments obtained were further drawn at a ratio of 4 In an oven at 1 45'*C 
under an atmosphere of an inert gas, so that the n-decane contained was substantially evaporated, thereby obtaining 

^5 a polyethylene fiber. The physical properties and performance evaluation of the fiber are shown in Table 1 . The tem- 
perature-increasing DSC curve before base line correction, which was obtained by differential scanning calorimetry 
(DSC), Is shown in Figure 5. 
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[0060] As can be seen from Table 1 , the polyethylene fibers of Examples 1 to 3 had extremely excellent abrasion 
resistance because of their 3.5 times larger numbers of frictions until the fibers were broken in the abrasion test, while 
exhibiting about the same or higher strength and Young's modulus, as compared with the polyethylene fibers of Com- 
parative Examples 1 to 2. For the polyethylene fibers of Examples 1 to 3, the temperature-increasing DSC cun^es had 

5 one or two endothennic peaks on the high temperature side and one endothermic peak on the low temperature side. 
In contrast, for the polyethylene fiber of Comparative Example 1 , the temperature-increasing DSC curve had no en- 
dothemiic peak on the low temperature side, whereas no distinct peak but a shoulder was found as the endothemnic 
peak on the high temperature side. For the polyethylene fiber of Comparative Example 2, the temperature-increasing 
DSC curve had one complete peak on the high temperature side, whereas no endothemiic peak but a small shoulder 

10 around 1 33*C was observed on the low temperature side. For the polyethylene fibers of Comparative Examples 1 and 
2, it is presumed that their maximum endothermic peaks on the high temperature side come from EC and not from 
HMC, because of their extremely deteriorated abrasion resistance. 

[0061] Now, the high strength polyethylene chopped fibers of the present invention are exemplified by Examples 4 
to 8 and Comparative Examples 3 to 5. The chopped fibers prepared in these Examples and Comparative Examples 
15 were evaluated for their perfomiance by the following testing method. 

Disperslbility Test of Chopped fibers 

[0062] First, 0.02 g of chopped fibers was weighed, put into a beaker containing 300 ml of distilled water, stirred 50 
20 times with a glass rod. The choppeo nbers weie Ihen collected by viiiering with a line net such that they could not pass 
through, followed by air drying for 24 hours. Then, fiber bundles formed by getting stuck together by pressure or fusion 
were taken out by observation with a loupe. The fiber bundles were measured for their diameter with a microscope, 
and the fiber bundles of 40 ^im or larger in maximum diameter (poorly dispersed fibers) were measured for their total 
weight. Further, the weight including that of chopped fibers having good dispersibility was measured, and the content 
25 of poorly dispersed fibers (percent dispersion failure) was calculated. In this test, the results seems to vary widely; 
therefore, the number of runs was set at 1 0, and the results were expressed by their average values. 

Examples 4 

30 [0063] The high strength polyethylene fibers prepared in Example 1 (intrinsic viscosity number, 1 8.5; linear density, 
455 dtex; strength, 38.1 cNZ-dtec; Young's modulus, 1521 cN/dtex) were cut in 10 mm by the guillotine method to give 
chopped fibers. Their performance evaluation is shown in Table 2. 

Examples 5 

35 

[0064] The high strength polyethylene fibers prepared in Example 2 (intrinsic viscosity number, 1 8.4; linear density, 
448 dtex; strength, 35.2 cN/dtec; Young's modulus, 1612 cN/dtex) were cut in 10 mm by the guillotine method to give 
chopped fibers. Their perfomnance evaluation is shown in Table 2. 



40 Examples 6 • " 

[0065] The high strength polyethylene fibers prepared in Example 3 (intrinsic viscosity number, 9.4; linear density, 
11 50 dtex; strength, 28.5 cNAdtec; Young's modulus, 1 055 cN/dtex) were cut in 1 0 mm by the guillotine method to give 
chopped fibers. Their perfonnance evaluation is shown in Table 2. 

45 

Example 7 

[0066] A polyethylene fiber was prepared in the same manner as described in Example 1 , except that a spinneret 
(the diameter of each nozzle. 0.2 mm; the number of nozzles, 200) was used and the rate of discharge through each 

so nozzle was set at 0.08 g/min. For the fiber obtained, the intrinsic viscosity number was 18.5, the linear density was 
240 dtex, the monofilament linear density was 0.12 dtex, the strength was 33.6 cN/dtex, the Young's modulus was 
1342 cN/dtex, the number of frictions until the fiber was broken in the abrasion test was 1 03,000, and the temperature- 
increasing DSC curve obtained by differential scanning calorimetry (DSC) had one endothermic peak on the low tem- 
perature side and two endothemnic peaks on the high temperature side, with the temperature of the maximum endo- 

55 thermic peak being 144.7'*C on the low temperature side and 159.2**C on the high temperature side, and the height 
ratio of the maximum endothemiic peaks being 2.4 : 1 . This fiber was cut in 50 mm by the guillotine method to give 
chipped fibers. Their perfonnance evaluation is shown In Table 2. 
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Example 8 

density was 0.63 dtex the strennth «/«« or o ^M/nt^. *u "near aensity was 1265 dtex, the monofilament linear 

evaluation is shown in lable 2 ^ ^" ' '° '''"'^P^ ^heir performance 

Comparative Examples 3 

method to g«,e chipped flPers. Their pertonnance evaluation .s shown In tX 7 ^ ^ 

Comparative Examples 4 

SSenX 4?" rtS^^T^S^LT'r ^»P'» ^ number, 
Comparative Example 5 

iriedra'rs^^^^^^^^ r r "^^^'^ ^ • ^^^^ ^^^^ °" 

in a heating oven at 149-C For heTibe obt«inpH ?h . ^ ''^^""^ ^""^ ^ ratio of 4 

dtex, the m'onofilamentleardLn'^^^^^^^^ 

dtex.thenumberoffrict,onsuntilthelerwasbterinSLTonte^^^^^^^^^^^ 

being 144.3-C onTeCtemolil^^^^^^^ ' ""u"'" '^^'^'^'^ °^ ^l^^ "maximum endothemiic peak 

maxfrnumendotheiitopea rbe^^^^^ °" '^^^^^^'^^^ ^'d^. and the height ratio oMhe 

Thoirparfcrmanc^TXtn^s h^^^^ 
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Intrinsic 
viscosity number 


Linear density 
(dtex) 


Monofilament 
linear density 
(dtex) 


Cut length (mm) 


Dispersion failure 
(%) 


Example 4 


18.5 


455 


1.2 


10 


2.4 


Example 5 


18.4 


448 


1.2 


10 


2.6 


Example 6 


9.4 


1150 


1.2 


10 


1.8 


Example 7 


18.5 


240 


0.12 


50 


3.9 


Example 8 


9.4 


1265 


0.63 


10 


3.9 


Comp. Ex. 3 


18.4 


541 


1.2 


10 


11.7 


Comp. Ex. 4 


18.3 


471 


1.2 


10 


15.1 


Comp. Ex. 5 


18.5 


455 


1.2 


80 


7.1 



[0071] AS can be seen from Table 2. the chopped fibe. of Examples 4 to 8 exhibited low dfepersion failure and 
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therefore had excellent dispersibility, as compared with the chopped fibers of Comparative Examples 3 to 5. 
[0072] Now, the ropes using the high strength polyethylene fibers of the present invention are exemplified by Exam- 
ples 9 to 10 and Comparative Examples 6 to 7. The ropes prepared in these Examples and Comparative Examples 
were evaluated for their performance by the following methods. 

5 

Strength Measurement and Flexural Fatigue Test of Ropes 

[0073] A rope was fixed on both ends with resin sockets ("Socket Strong" available from Sugita Industry, Co., Ltd.), 
and used as the test specimen. The rope was measured for strength at a draw speed of 20 cm/mln. using "Servo 
10 Pulser^M" available from Shimadzu Corporation. The rope was immersed in water at room temperature for 24 hours, 
and then immediately measured for strength by the same method, thereby detemnining the wet strength of the rope. 
Further, the flexural fatigue test was carried out by running the rope through a pulley of 250 mm^ and repeatedly flexing 
5x10^ times under a load con^esponding to 20% of breaking strength. After the test, the rope was fixed again with 
resin sockets, and then measured for strength to calculate the residual strength (%). 

IS 

Example 9 

[0074] The high strength polyethylene fiber prepared in Example 1 (intrinsic viscosity number, 18.5; linear density, 
455 dtex; strength, 38.1 cN/dtec; Young's modulus, 1521 cN/dtex) was multiplied for adjustment of linear density, 
20 fonoweu uy iwlstiny al "i GO tin'ies/Vf I lu yive a base yanr. This base'yarn was used to prepare a six-ply rope (with a wire 
rope structure) of about 10 mn\^ in thickness. The performance evaluation is shown In Table 3. 

Example 10 

25 [0075] A rope was prepared in the same manner as described in Example 9, except that the high polyethylene fiber 
prepared in Example 2 (intrinsic viscosity number, 1 8.4; linear density, 448 dtex; strength, 35.2 cN/dtec; Young's mod- 
ulus, 1 61 2 cN/dtex) was used. The perfomnance evaluation is shown in Table 3. 

Comparative Example 6 

30 

[0076] A rope was prepared in the same manner as described in Example 1 0, except that a commercially available 
nylon fiber (linear density, 467 dtex; strength, 7.3 cN/dtec; Young's modulus, 44 cN/dtex) was used. The performance 
evaluation is shown in Table 3. 

35 Comparative Example 7 

[0077] A rope was prepared in the same manner as described In Example 1 0, except that a commercially available 
polyethylene terephthalate fiber (linear density, 444 dtex; strength, 7.4 cN/dtec; Young's modulus, 106 cN/dtex) was 
used. The perfomriance evaluation Is shown IrHable 3. .... , , —t .^i^ 



TABLE 3 





Rope diameter (mrn) 


strength (10^ gj 


Wet strength (10^ g) 


Residual strength after 5 x 10^ 
times repeated flexing (%) 


Example 9 


10 


3.8 


3.8 


100 


Example 1 0 


10 


3.5 


3.5 


100 


Comp. Ex. 6 


10 


2.0 


1.8 


90 


Comp. Ex. 7 


10 


2.3 


2.3 


75 



[0078] As can be seen from Table 3, the ropes of Examples 9 and 10 exhibited higher strength and higher wet 
strength, and there was obsen/ed no decrease in the strength after repeated flexing; therefore, they had excellent 

flexural fatigue resistance, as compared with the ropes of Comparative Examples 6 and 7. 

[0079] Now, the nets using the high strength polyethylene fibers of the present invention are exemplified by Examples 
1 1 to 1 2 and Comparative Examples 8 and 9. The nets prepared in these Exaniples and Comparative Examples were 
evaluated for their perfonnance by the following testing methods. 
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Strength Measurement. Flexural Fptir^ ne Test, and Abr^.inn r.ct m m... 
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measuring method for strengthTn-r^Srg L^^^^^^^^ 

the flexural fatigue test was carried out by fixfnq the nma^L!^^^^^^^ 

Sugita Industry Co., Ltd.), running the net hrouah « ^ IS T,^^^^^^ ^^^""S" ^^^''^^le from 

loadcorrespoLng',o2oLfbrXs en^7^^^^^ 

and the net was measured forstrenoth m ' ®' ^^"^^ removed from the net by cutting 

abrasion testwascarrerorbyr^fsurng^^^^^^^^^ 

against a Tungalloy™ edge as a f ric^n con a« a ^n^^^^^^^^^^^ ' '^^^^^ 
thecond^ons: distance ^ff^etlonairri?!^^^^^^^^ 
Example 11 

evaluation Is shown in Table 4. ^° ^m^m to give a net. The performance 

Example 12 *-•..•. 

Comparative Example 8 
Comparative Example 9 



Example 11 



Example 12 



Comp. Ex. 8 
Comp. Ex. 9 



TABLE 4 



Constitution Strength (N) ' Residual strength after 5 xVo^ 

times repeated flexing 



1200 dx4 



1200 dx4 



1200 dx4 



1200 dx4 



1137 



1176 



1052 



1025 



100 



100 



90 



87 



Number of frictions lihtil breaking 



2260 



2340 



988 



875 



of Comparative EKamplas a " "79 =<»"P»™<I «» «e n«s 

E»„,,esa„.o»,p...aExa^,a..,,e..r«s%r:r;rroS^^^ 
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Test for Strength of Concrete Test Pieces 

[0087] In the compressive test, the maximum load was measured to determine the compressive strength. In the 
flexural test, the maximum load was measured to determine the flexural strength according to the method for measuring 
5 flexural strength in the Physical Testing Methods for Cement (JIS R 5201). For toughness, the relationship between 
the load and the cross-head displacement in the testing machine was recorded onto an X-Y recorder (available from 
Yokogawa Electric Corporation), and the area under the flexural stress-deflection curve until the displacement falling 
down to 50% of the value at the maximum load was determined, and the toughness was regarded as an area ratio 
with the area In case of no fiber incorporation being taken as 1 . 

10 

Example 13 

[0088] The high strength polyethylene fiber prepared in Example 1 (intrinsic viscosity number, 18.5; linear density, 
455 dtex; strength, 38.1 cN/dtex; Young's modulus, 1521 cN/dtex) was cut in 30 mm length and used as the reinforcing 

15 fibers. First, high-eariy-strength portland cement (specific gravity, 3.13), Toyoura-keisa-sand (old standard sand; spe- 
cific gravity, 2.7) as tine aggregate, and silica fume (specific gravity, 2.2) as mineral admixture were placed in a 5 L 
volume omni-mixer and dry mixed for 15 seconds. The above reinforcing fibers were then put into the mixer, followed 
by dry mixing for another 30 seconds. Water and air entraining and high-range water reducing agent (without incorpo- 
ration of auxiliary air entraining agents) were then put into the mixer, followed by mixing for 4 minutes to give fiber 

^ reinforced conureie. The w.aier-i;o-binder ratio was set at 33%; the mixing ratio of silica fume reiaiive to the weigni of 
cement, 10%; the sand-to-binder ratio, 60%; the mixing ratio of air entraining and high-range water reducing agent 
relative to the weight of binder, 2.0%; and the mixing ratio of fiber by volume, 2.0%. The measured flow values are 
shown in Table 5. 

[0089] Using the fiber reinforced concrete obtained, three cylindrical test pieces (50 mm<t) x 1 00 mm) for compressive 
25 test and three prismatic test pieces (40 x 40 x 160 mm) for flexural test were prepared by hand-placing with a mallet 
and a trowel. The test pieces thus obtained were subject to the standard cure over 1 4 days before the test for strength. 
The results are shown in Table 6. 

Example 14 

30 

[0090] A fiber reinforced concrete test piece was prepared in the same manner as described in Example 1 3, except 
that the high polyethylene fiber prepared in Example 2 (intrinsic viscosity number, 18.4; linear density, 448 dtex; 
strength, 35.2 cN/dtec; Young's modulus, 1612 cN/dtex) was used; and then subjected to the test for strength. The 
results are shown in Table 5. 

Example 15 

[0091] A fiber reinforced concrete test piece was prepared in the same manner as described in Example 1 3, except 
that the high polyethyiene fiber prep^r^d in Example 3 (Intrinsic viscosity number, 9.4; linear densi^/, 1150 dtex; strength, 
40 28:5'cN/dtec; Young's niddulus,' 1055 cN/dte'x) was used; and then subjected to the testtoY'strength. The resUlts^^. 
shown in Table 5. * - . j - - * - 

Comparative Exanriple 1 0 

45 [0092] A fiber reinforced concrete test piece was prepared in the same manner as described in Example 1 3, except 
that the high polyethylene fiber prepared in Comparative Example 1 (Intrinsic viscosity number, 18.4; linear density, 
541 dtex; strength, 34.2 cN/dtec; Young's modulus, 1 51 6 cN/dtex) was used; and then subjected to the test for strength. 
The results are shown in Table 5. 

50 Comparative Example 11 

[0093] A fiber reinforced concrete test piece was prepared in the same manner as described in Example 1 3, except 
that the high polyethylene fiber prepared in Comparative Example 2 (intrinsic viscosity number, 18.3; linear density, 
471 dtex; strength, 35.7 cN/dtec; Young's modulus, 1 623 cN/dtex) was used; and then subjected to the test for strength. 
55 The results are shown in Table 5. 
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Comparative Example 12 





Mixing fiber by 
volume (%) 


Flow value (mm) 


Compressive 
strength (MPa) 


Flexural strength (MPa) 


Toughness 


Cracking 


Max. 


Example 13 


2 


181 


83.8 


12.8 


22.0 


83.8 


Example 14 


2 


172 


81.5 


12.5 


20.5 


78.1 


Example 15 


2 


179 


83,2 


12.7 


21.6 


80.5 


Comp. Ex. 10 


2 


150 


74.6 


11.8 


14.2 


24.8 


Comp. Ex. 11 


2 


143 


75.5 


12.4 


13.4 


14.3 


Comp. Ex. 12 


0 


153 


71.1 


12.0 


12.0 


1.0 



Cutting Test for Protective Glove Materials 

[0097] The cutting test was carried out using a Coud testa^M rauoiiahin fr/%r« cnnc^ii at ^ ^ « 

[0098] test, a plain-woven cotton fabric Of about 200 g/m2 in weight was used a<! a hiani. Tho « , ,. 

. !u . , .ne .0. n.s ,,1 the respscve runs. the index values were calcuiaied t,y tft- foliowir.a eauatbn In htt f ^ 
ance was evaluated by their average value in the test repeated five times ^ ^ " 

index = (count Of sampler AyA 

A = (count of cotton fabric before test of sample + 
count of cotton fabric after test of sample)i 2 

Examples 16 

densl^ ^5 dte^stXrarcSfT" ^.T"' ' ^'^^^'^ 185; linear 

ensity, 455 dtex. strength. 38.1 cN/dtex; Young's modulus, 1521 cN/dtex), a plain knitted fabric was prepared with a 
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circular knitting machine. The protective glove material obtained was tested on the back side with a Coup testa for the 
evaluation of cut resistance. The results are shown in Table 6. 

Example 17 



[0101] A plain knitted fabric was prepared in the same manner as described in Example 16, except that the high 
strength polyethylene fiber prepared in Example 2 (intrinsic viscosity number, 18.4; linear density, 448.dtex; strength, 
35.2 cN/dtex; Young's modulus, 1 61 2 cN/dtex) was used; and then subjected to the cutting test. The results are shown 
in Table 6. 

10 

Example 18 

[0102] A plain knitted fabric was prepared in the same manner as described in Example 16, except that the high 
strength polyethylene fiber prepared in Example 3 (intrinsic viscosity number, 9.4; linear density, 1150 dtex; strength, 
IS 28.5 cN/dtex; Young's modulus, 1 055 cN/dtex) was used; and then subjected to the cutting test. The results are shown 
in Table 6. 

Comparative Example 13 



20 [0103] A plain knitted fabric was prepared in the same manner as described in Example 16, except that the high 
strength polyethylene fiber prepared in Comparative Example 1 (intrinsic viscosity number, 18.4; linear density, 541 
dtex; strength, 34.2 cN/dtex; Young's modulus, 1516 cN/dtex) was used; and then subjected to the cutting test. The 
results are shown in Table 6. 

25 Comparative Example 14 



[0104] A plain knitted fabric was prepared in the same manner as described In Example 16, except that the high 
strength polyethylene fiber prepared in Comparative Example 2 (intrinsic viscosity number, 18.3; linear density, 471 
dtex; strength, 35.7 cN/dtex; Young's modulus, 1623 cN/dtex) was used; and then subjected to the cutting test. The 
30 results are shown in Table 6. 
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TABLE 6 





Index values 




1st run 


2nd run 


3rd run 


4th run 


5th run 


average 


Example 1 6 


6.01 


6.33 


7.26 


7.27 


6.59 


6.69 


Example 1 7 


5.88 


7.20 


. 6.93 


6.32 


6.80 


6.63 


Exanfiple18 


7.98 


- 7.12 


• 8.12 


7.54 


'8.66 


7.88 


Comp. Ex. 13 


4.67 


4.67 


4.40 


5.00 


6.67 


5.08 


Comp. Ex. 14 


5.45 


4,39 


4.82 


5.11 


5.75 


5.10 



45 



50 



[0105] As can be seen from Table 6, the protective glove materials of Examples 16 to 18 exhibited higher index 
values by 1.0 or more; therefore, they had excellent cut resistance, as compared with the protective glove materials 
of Comparative Examples 13 and 14. 

[0106] Now, the ballistic materials or items using the high strength polyethylene fibers of the present invention are 
exemplified in Example 19 and Comparative Example 15. The ballistic materials prepared in these Examples and 
Comparative Example were evaluated for their performance by the following ballistic test. 

Ballistic Test for Ballistic Materials 



[0107] A specimen of materials was cut into squares each measuring 20 cm in one side, and these squares were 
layered to have a weight of about 1 kg/m2 and then peripherally fastened with over-locks to give a specimen for ballistic 
55 test. 

[0108] The ballistic test was carried out according to MIL-STD-662E. A 17-grain fragment simulating projectile as 
described in MIL-P-46593A was discharged at a speed of about 500 nn/sec. from a barrel with a propellant to collide 
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SEA= 1/2X {V^'^. v^) X 0.00/ 7/samp/e ive/p/)f 

[0109] The number of runs was set at 3. and the valueof SEA was expressed by their average value. 

Example 1 9 

Sx- « S/K T^"""^ ^^^"P'^ ^ ('"^""^''^ ^'^--«y "^"'ber, 18.4; linear density 
Comparative Example 15 





Fabric weight (g/m^) 


Number of layers 
(pieces) 


Weight of specimen 
(g/m2) 


SEA(J/{kg/m2))(j/(kg/ 
m2)) 


Example 1 9 


180.6 


6 


1085 


25.2 


Comp. Ex. 15 


188.1 


6 


1130 


23.9 



[0112] 

«.a..»,.e™,^-.;^:L™ ^^^^ 
Industrial Appllcabiljty 

P?'r - o^^ined. w.ioh have about the 



Claims 
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to 3.0: 1.0. 

3. The high strength polyethylene fiber according to claim 2, wherein the height ratio of the maximum endothemnic 
peak on the low temperature side and the maximum endothemnic peak on the high temperature side is 1 .5 : 1 .0 

5 to 2.9: 1.0. 

4. A high strength polyethylene fiber characterized in that: the fiber comprises a high molecular weight polyethylene 
consisting essentially of a repeating unit of ethylene; it has an intrinsic viscosity number of 5 or larger and an 
average strength of 22 cN/dtex or higher; and the number of frictions untif the fiber is broken in an abrasion test 

10 according to method B for measuring abrasion resistance in Testing Methods for Spun Yarn (JIS L 1095) is 100,000 

or larger, 

5. A high strength polyethylene chopped fiber obtained from the high strength polyethylene fiber according to claim. 
1 or4. 

15 

6. The high strength polyethylene chopped fiber according to claim 5, wherein the amount of poorly dispersed fibers 
(fiber bundles of 40 \irr\ or larger in maximum diameter fomried by getting stuck together by pressure or fusion) 
found in case of paper making is 6% by weight or smaller. 

20 7. The high strength potyetiiylene chopped fiber aocordhig lo clairn 5, wheiein irie fiber has a cut length of 70 mm or 
shorter 

8. A rope comprising the high strength polyethylene fiber according to claim 1 or 4. 
25 9. A net comprising the high strength polyethylene fiber according to claim 1 or 4. 

10. A ballistic material comprising the high strength polyethylene fiber according to claim 1 or 4. 

11. A protective glove comprising the high strength polyethylene fiber according to claim 1 or 4. 

30 

12. A fiber reinforced concrete product comprising the high strength polyethylene fiber according to claim 1 or 4. - 

13. A helmet comprising the high strength polyethylene fiber according to claim 1 or 4. 
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